t h e conventional d e s c r i p t i o n s of heavy i o n processes, which assume a c u r r e n t dependent only upon t h e d i f f e r e n c e between t h e nucleonic chemical p o t e n t i a l energies.
Accumulating d a t a on t h e N-and Z-drifts observed i n deep i n e l a s t i c c o l l i s i o n s a l s o c o n t r a d i c t t h e conventional description. By c a r e f u l exact c a l c u l a t i o n with t h e one-dimensional Schrodinger model, t h e permeation c u r r e n t i s h e r e q u a n t i f i e d and then extended t o t h r e e dimensions. The r e s u l t i n g c o r r e c t i o n s a r e q u a l i t a t i v e l y such a s t o ameliorate t h e discrepancies between t h e observations and t h e conventional description.
Observed D r i f t s V i o l a t e t h e P o t e n t i a l Energy Surface's P r e d i c t i o n I n t h e conventional Fokker-Planck d e s c r i p t i c n of _nucleon t r a n s f e r i n deep i n e l a s t i c c o l l i s i o n s [I], t h e time evolution of N and Z f o r t h e p r o j e c t i l e -l i k e fragment -is assumed t o be driven by t h e gradient of t h e dinuclear energy on t h e N-Z plane [2]
. Such an energy s u r f a c e is exhibited i n Fig. 1 
f o r t h e r e a c t i o n [3]
56Fe+'65~o, together with t h e d r i f t p r e d i c t e d by i t s g r a d i e n t , and t h e experimental d r i f t i n f e r r e d from t h e d a t a a f t e r c o r r e c t i o n f o r neutron emission.
Although t h e predicted proton d r i f t i s q u a l i t a t i v e l y c o r r e c t , t h e neutron d r i f t is nearly zero, d e s p i t e t h e energy s u r f a c e ' s c l e a r preference f o r an increase i n N, , . i n which t h e d i r e c t i o n of t h e d r i f t i s even more dramatically opposed t o t h e gradient of t h e p o t e n t i a l energy s u r f a c e (PES), here a c t u a l l y running up h i l l . Here a l s o t h e c o r r e c t i o n f o r neutron emission ( c i r c l e s vs. crosses) i s s o small a s t o be i r r e l e v a n t . Similar s i t u a t i o n s a l s o have been observed i n t h e r e a c t i o n s [ 3 , 4 , 5 ] Caw, Cl+Bi and Fe+Bi. On t h e o t h e r hand observations of d r i f t s i n experiments involving t h e doubly closed s h e l l nucleus, 1 3 2~e , have been i n t e r p r e t e d a s conforming b e t t e r [6], although not completely 171, t o t h e p o t e n t i a l energy surface. c a l c u l a t e s t h e flow of nucleons between two one-dimensional "nuclei", each of which i s assumed i n i t i a l l y t o comprise N nucleons bound i n a n i n f i n i t e square w e l l p o t e n t i a l of l e n g t h L. One imagines t h a t t h e two "nuclei" approach one another very slowly ( a non-zero v e l o c i t y of approach can a l s o be included 191, but w i l l not be discussed h e r e ) , w i t h t h e i r edges j u s t touching a t t s 0 , when t h e p o t e n t i a l w a l l between them i s removed and t h e subsequent time-dependent flow of nucleons i n both d i r e c t i o n s i s c a l c u l a t e d by t h e exact Schradinger equation.
The problem i s t h u s c h a r a c t e r i z e d by t h e i n i t i a l numbers of nucleons (NR and NL), by t h e volumes (LR and LL)
, and by t h e d i f f e r e n c e , Vo, between depths of t h e p o t e n t i a l s i n t h e r i g h t and l e f t n u c l e i , r e s p e c t i v e l y , a s i l l u s t r a t e d i n Fig. 3 .
As t h e time i n c r e a s e s , t h e p r o b a b i l i t y amplitudes flow i n both d i r e c t i o n s , a l t e r i n g t h e average number of p a r t i c l e s on t h e r i g h t , say, a t a r a t e I n t h e conventional model [ I ] , t h e s e c u r r e n t s a r e ystimated c l a s s i c a l l y using t h e Fermi gas d i s t r i b u t i o n . Then t h e n e t c u r r e n t A j = N, depends only upon t h e d i f f e r e n c e between t h e chemical p o t e n t i a l s , A , i n t h e l e f t and r i g h t w e l l s :
L L where, e.g., EF i s t h e Fermi k i n e t i c energy on t h e l e f t , EF = ( & n ) * (~~+ 1 / 2 ) * / 2~~: . E a r l i e r , exact q u a n t a l c a l c u l a t i o n s with Double Well [ 8 ] had produced a c o n t r a d i c t i o n t o Eq. ( 2 ) , a s i l l u s t r a t e d i n Fig. 4 . There a s e r i e s of c a l c u l a t i o n s i s displayeQ i n which t h e d i f f e r e n c e , AL-AR, i s k e p t p r e c i s e l y constant. Obviously, N, given by t h e s l o p e of each curve i n Fig. 4 , depends a l s o upon Vo, and n o t s o l e l y upon A=-AR.
W e a r e now a b l e t o e x p l a i n t h i s discrepancy [10, 11] i n terms of t h e "permeation c u r r e n t " a s s o c i a t e d with s t a t e s on t h e r i g h t whose energy Ei i s l e s s t h a n Vo.
Although c l a s s i c a l l y such s t a t e s c o n t r i b u t e nothing t o t h e c u r r e n t a c r o s s t h e window, t h e r e i s a t e a r l y times a q u a n t a l c u r r e n t a s s o c i a t e d with t h e 
penetration of such s t a t e s under the shallower potential f l o o r on the l e f t , a s i s i l l u s t r a t e d i n Figs. 5 and 6 by Double Well calculations for a variety of s p e c i f i c s i n g l e p a r t i c l e s t a t e s .
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JOURNAL DE PHYSIQUE Figure 5 e x h i b i t s NL(t) a s calculated f o r four s t a t e s on t h e r i g h t f o r which 6, = E,,/Vo exceeds t h e value 1, s o t h a t passage a c r o s s t h e window i s c l a s s i c a l l y allowed. I n each case a s t r a i g h t l i n e with t h e slope implied by t h e c l a s s i c a l assumption i s i n good agreement with t h e exact Schrodinger r e s u l t f o r times l e s s than t h e time required f o r t h e wave t o r e f l e c t from t h e opposite wall.
Indeed, t h e r a t i o P(n) between t h e b e s t f i t t i n g value of Nn over t h e range where Nn(t) i s approximately l i n e a r and t h e c l a s s i c a l c u r r e n t , jclass(n) = 2En/hn, i s p l o t t e d i n Fig-7 vs. 6, = En/Vo f o r many cases including those of Figs. 5 and 6. One s e e s t h a t f o r 6, > 1, Pn 1, i n accord with t h e c l a s s i c a l assumption.
On t h e o t h e r hand, s t a t e s with 6,<1, from which t h e c l a s s i c a l assumption allows no c o n t r i b u t i o n t o t h e c u r r e n t , do i n f a c t c o n t r i b u t e i n t h e exact Schrodinger solution. This i s i l l u s t r a t e d i n Fig. 6 where t h e Schradinger r e s u l t shows a dependence l i n e a r i n time a l s o f o r t h e s e c l a s s i c a l l y excluded s t a t e s . These s l o p e s d e f i n e a n approximately quantal "permeation current'' f o r each such s t a t e , whose value i s equal t o t h e product of t h e c l a s s i c a l c u r r e n t and a numerical f a c t o r , P(n), which depends only upon 6, = E,/v,, a s i l l u s t r a t e d i n Fig. 7 . Roughly, Fig. 7 can be summarized by t h e r e l a t i o n s h i p , P = 0.07 + 0.69 6 , f o r 0 < 6 < 1.3 , or, more simply and more approximately (f30%), by P = E i / V o = 6 , f o r 6 c 1 . 
Thus, one recognizes t h a t quantal p a r t i c l e s deeply bound i n t h e right-hand w e l l respond t o t h e reduction i n t h e i r binding p o t e n t i a l (from t o Vo) e f f e c t e d by t h e approach of t h e dinuclear p a r t n e r by spreading o u t t h e i r penetrating t a i l s through t h e window i n t o t h e volume of t h e left-hand nucleus. The r e s u l t is a net c u r r e n t flow a t e a r l y times which moves p a r t i c l e s from t h e s p a t i a l region of t h e deeper w e l l i n t o t h a t of the shallower well. Most noteworthy i s t h e f a c t t h a t t h i s
c u r r e n t does not diminish exponentially with increasing Vo/Ei, but e x h i b i t s instead a l i n e a r dependence upon Ei/Vo, such t h a t a t Ei/Vo -1, i t has a value 1 appropriate f o r t h e c l a s s i c a l p i c t u r e .
The r e s u l t s imply t h a t t h e c o r r e c t net Schrodinger c u r r e n t flowing across t h e window t o t h e r i g h t i s i n f a c t approximately equal t o t h e following function of lL, lR and Vo;
where t h e permeation c u r r e n t , jperm, describes t h e purely quantal penetration flow of nucleons, of energy l e s s than Vo, i n t o t h e left-hand s i d e , and AjClass i s given i n Eq. (2).
Expressions f o r t h e three-dimensional c a s e a r e given below.
Extension t o Three Dimensions
These one-dimensional r e s u l t s can be extended t o t h r e e dimensions by considering two a d j a c e n t volumes i n which t h e p o t e n t i a l depths d i f f e r by Vo, and which c o n t a i n Fermi gases which f i l l t h e momentum sphere out t o &kL, andMkR, on t h e l e f t and r i g h t r e s p e c t i v e l y . This g e n e r a l i z a t i o n t h e n i n c l u d e s t h e a p p r o p r i a t e weighting f o r t h e t r a n s v e r s e s t a t e s a s s o c i a t e d w i t h a wave number k, i n t h e d i r e c t i o n perpendicular t o t h e window, and allows a c a l c u l a t i o n of t h e permeation c u r r e n t per u n i t a r e a a s a f u n c t i o n of Vo.
Then t h e n e t c u r r e n t of p a r t i c l e s from r i g h t t o l e f t through a window of f i n i t e a r e a , ow, i s given by Eq. (4) Note t h a t equations (5) show t h a t when t h e chemical p o t e n t i a l s k and lR d i f f e r by a n amount comparable t o Vo, t h e n t h e permeation c u r r e n t i s nearly one-half a s l a r g e a s t h e c l a s s i c a l c u r r e n t . Also r e c a l l t h a t t h e conventional PES d e s c r i p t i o n omits e n t i r e l y t h i s Vo-dependent permeation c u r r e n t .
. C o r r e l a t i o n with t h e Experimental Data
To make a n i n i t i a l assessement of t h e d i f f e r e n c e s , Vo, which might a r i s e i n a c t u a l heavy i o n r e a c t i o n s , we have u t i l i z e d t h e d r o p l e t model [12, 13] , which p r e d i c t s a c l e a r dependence of t h e n u c l e a r w e l l depths on t h e neutron excess, (N-Z) .
( a ) Neutron D r i f t s : Since t h e neutron s h e l l model p o t e n t i a l depth diminishes w i t h i n c r e a s i n g neutron excess [12, 13] , one expects Vo t o i n c r e a s e a s (N-Z) i n c r e a s e s i n t h e nucleus on t h e l e f t i n Fig. 3 , r e s u l t i n g i n a n increased permeation c u r r e n t of neutrons from t h e nucleus w i t h t h e s m a l l e r neutron excess i n t o t h e nucleus with t h e l a r g e r . This p r e d i c t i o n i s i n q u a l i t a t i v e agreement with -t h e neutron d r i f t s observed i n t h e r e a c t i o n s portrayed i n Figs. 1 and 2, and a s w e l l w i t h t h e o t h e r c l a s s i c a l l y anomalous d r i f t s c i t e d above [3-51.
I n each c a s e t h e l i g h t (NnZ) nucleus d e l i v e r s neutrons t o t h e heavy (N)>Z) nucleus d e s p i t e t h e tendency of t h e p o t e n t i a l energy s u r f a c e t o t h e contrary.
( b ) Proton D r i f t s : For protons t h e d r o p l e t model p r e d i c t s a n (N-Z) dependence of t h e non-Coulombic p a r t of t h e s h e l l model p o t e n t i a l of t h e same magnitude a s but of o p p o s i t e s i g n from t h e neutron p o t e n t i a l . However, t h e Coulombic p o t e n t i a l s f o r t h e protons here become q u i t e important, e s p e c i a l l y t h a t due t o t h e Coulomb i n t e r a c t i o n between t h e t a r g e t and p r o j e c t i l e -l i k e p a r t s of t h e dinucleus. Upon i n c l u d i n g them, one f i n d s t h a t t h e combined r e s u l t of t h e s e e f f e c t s f o r protons i s a p o t e n t i a l d i f f e r e n c e between t h e two s i d e s which i s much s m a l l e r f o r protons than f o r neutrons. Thus a good p r e d i c t i o n of t h e magnitude, o r even of t h e s i g n of t h e proton permeation c u r r e n t , r e q u i r e s a more c a r e f u l a n a l y s i s than we have done s o f a r .
Conclusions
W e have described c a l c u l a t i o n s f o r a simple one-dimensional Schradinger model which i d e n t i f y a n o n c l a s s i c a l permeation c u r r e n t which flows i n a dinucleus from t h e deeper p o t e n t i a l i n t o t h e shallower. This c u r r e n t i s q u a l i t a t i v e l y such a s t o a m e l i o r a t e t h e d i s c r e p a n c i e s between observed d r i f t s and t h e p r e d i c t i o n s of t h e c l a s s i c a l p o t e n t i a l energy surface. Further r e s e a r c h promises t o t e l l whether t h e improvement can a l s o be made q u a n t i t a t i v e , and u l t i m a t e l y , whether such e f f e c t s can become a t o o l f o r d i r e c t study of t h e d e t a i l e d n a t u r e of t h e n u c l e a r p o t e n t i a l s i n t h e i r deepest p a r t s .
